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TOF patientsAbstract Objective and aim: Residual PR after repair of tetralogy of Fallot is an important deter-
minant of the outcome of patients.
Patients and methods: We aim to assess severity of PR by PR index and diastolic/systolic time
velocity integrals (DSTVI) and to correlate both of them to RVMPI, to detect which is more likely
to reﬂect RV global function. This is a cross sectional study in which 33 patients with repaired TOF,
and 46 controls were enrolled. For each patient full medical history and examination were obtained,
conventional and tissue Doppler echocardiography were done, to measure pulmonary regurgitation
by two indices: PR index and diastolic systolic time velocity integrals (DSTVI), to measure
myocardial tissue velocities at the tricuspid annulus, to determine RVMPI, and to correlate it to
the PR indices.
Results: our study included 33 patients with totally corrected TOF, and 46 controls, there were
statistically signiﬁcant differences in S0,E0,A0 velocities, and RVMPI between cases and controls,
no statistically signiﬁcant correlation between PR index, DSTVI and the RVMPI of the patients.
Conclusion: Tissue Doppler RVMPI in patients after surgical repair of Fallot tetralogy is not
correlated to the degree of PR measured by two indices: PR index and DSTVI, a new index that
can assess severity of PR and correlate to RV functions is required.
ª 2014 Production and hosting by Elsevier B.V. on behalf of The Egyptian Pediatric Association.Introduction
Patients with tetralogy of Fallot after surgical repair are now
surviving in adulthood. Residual pulmonary regurgitation
(PR) after repair of tetralogy of Fallot is an important determi-
nant of the outcome of those patients, it is usually well
tolerated in childhood, yet there is late morbidity and mortal-
ity related to right ventricular (RV) dysfunction, which result
in exercise intolerance, arrhythmias, and increased risk of
sudden cardiac death.1 Generous transannular patching, or
Figure 1 Schematic drawing of the time intervals of the
myocardial performance index by tissue Doppler imaging. a0 is
the time interval between the end of myocardial velocity during
late diastole (Aa) and the onset of myocardial velocity during early
diastole (Ea). b0 is the duration of myocardial velocity during
systole (Sa). The TDI Tei index was calculated as (a0  b0/b0). ICT
isovolumic contraction time, IRT isovolumetric relaxation time.
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reconstruct the right ventricular outﬂow tract (RVOT), predis-
pose to RV aneurysm and akinesia, combined with chronic PR
lead to progressive RV dilatation and dysfunction.2 Assess-
ment of RV function is important in the management in these
patients; the myocardial performance index (MPI) is a non
volumetric method to quantify global ventricular function.3
The positive effect of pulmonary valve replacement on RV
contractile function is only demonstrated if done early before
impairment of RV function.4 Early and proper assessment of
severity of PR and its effects on RV function are essential in
the follow up of the asymptomatic patients to diagnose pre-
clinical abnormalities in RV performance, in this study we
aim to assess severity of PR by PR index and diastolic/systolic
time velocity integrals (DSTVI) and to correlate both of them
to the MPI of RV, to detect which is more likely to reﬂect RV
global function.
Patients and methods
This is a cross sectional study in which 33 patients with re-
paired TOF were enrolled from the pediatric post operative
cardiac outpatient clinic (PPOCOC) in Cairo university chil-
dren’s hospital during the period from September 2012 to June
2013, after exclusion of patients with variants of the TOF (pul-
monary atresia with ventricular septal defect, absent pulmon-
ary valve, and double-outlet RV) and the presence of a
signiﬁcant residual abnormality (VSD, valvular or peripheral
pulmonary stenosis), the study also included 46 age and sex
matched controls they were collected from dental and ophthal-
mology clinics provided there is no previous history of congen-
ital or acquired heart disease. Written informed consent was
obtained from all of them. For each patient full medical his-
tory and examination were obtained including age at time of
the operation, and history of any complications. Conventional
and tissue Doppler echocardiography were done according to
recommendations of the American society of echocardiogra-
phy,5 in a quite darkroom with the patient resting in supine
or left lateral position, with leads of ECG attached to the pa-
tient, by (GE vivid 7 machine) to measure cardiac dimensions,
detect the presence of any residual VSD or RVOT obstruction,
and detect the presence of valve regurgitation. Myocardial wall
motion velocities using tissue Doppler at the lateral tricuspid
annulus were assessed by measuring (S0) during systole, (E0)
during early diastole, and (A0) during late diastole from a four
chamber view, assessment of RV global functions was done by
measuring myocardial performance index (MPI) using the
pulsed tissue Doppler method on the lateral tricuspid annulus
according to the following equation (a0 – b0/b0) where (a0) is the
time interval from the end to the onset of the tricuspid annular
velocity pattern during diastole, and (b0) is the duration of the
S wave measured from the onset to the end of the S wave6
(Fig. 1). MPI is considered normal if less than or equal to
0.37.7 Severity of the pulmonary regurgitation (PR) was as-
sessed by color and continuous Doppler studies in the para-
sternal short axis view, duration of PR ﬂow to the total
diastolic time (PR index) was measured. PR index P70%
represents mild PR, while the lower values were deﬁned as
moderate to severe PR.8 The pulsed-wave Doppler tracing
was used to obtain the time–velocity integrals of diastolic
and systolic ﬂows. We divided the diastolic to the systolictime–velocity integral to have diastolic to systolic time–
velocity integral ratio, or DSTVI1 (Fig. 2).
Images were digitally stored and measurements performed
ofﬂine using vivid 7 (GE Vingmed, ultrasound AS, Hortin,
Norway), echo pack virgin 110.1.2 GE Vingmed ultrasound
AS. For all measurements values from 3 cycles were obtained
and averaged.
Statistical analysis
Data were statistically described in terms of mean ± standard
deviation (±SD), or frequencies (number of cases) and
percentages when appropriate. Comparison of numerical
variables between the study groups was done using the Student
t test for independent samples. For comparing categorical
data, Chi square (v2) test was performed. Exact test was used
instead when the expected frequency is less than 5. Correlation
between various variables was done using the Pearson moment
correlation equation. p values less than 0.05 were considered
statistically signiﬁcant. All statistical calculations were done
using computer program SPSS (Statistical Package for the
Social Science; SPSS Inc., Chicago, IL, USA) version 15 for
Microsoft Windows.
Results
Our study included 33 patients with totally corrected tetralogy
of Fallot, their mean age was 6.5 ± 2.38 years, mean age at the
time of the operation was 4.1 ± 1.5 years, mean duration of
follow up is 4.75 ± 2 years, they were 14 (42.4%) males and
19 (57.5%) females, and 46 controls their mean age was
7.26 ± 1.2 SD, they were 25 (54.3%) males and 21 (45.7%)
females.
The echocardiographic values of patients and controls are
enlisted in Table 1.
The RVMPI was normal (0.37 or less) in 8 (24.2%) patients
while it was abnormal (>0.37) in 25 (75.8%) patients. Mean of
Figure 2 Pulsed wave Doppler over the pulmonary artery.
Diastolic ﬂow (above the baseline), and systolic ﬂow (below the
baseline) were traced to obtain DSTVI.
Table 2 Tissue Doppler measures of the studied groups.
Variable Patients Controls p Value
S0 8.03 12.93 .00
E0 12.9 17.76 .00
A0 6.18 9.38 .00
RVMPI 0.45 0.3 .00
S0 systolic velocity, E0 early diastolic velocity, A0 late diastolic
velocity, RVMPI right ventricular myocardial performance index.
Table 3 Values of PR index, DSTVI with normal and
abnormal RVMPI.
RVMPI PR index DSTVI
0.37 or less 69% 0.827
>0.37 53% 1.014
p Value .183 .145
26 L.A.R. Ibrahimthe PR index in cases was 66.4%, while mean of diastolic/
systolic time velocity integrals was 0.92.
The values of the PR index and diastolic/systolic time
velocity integrals in relation to normal and abnormal RVMPI
are enlisted in Table 3.
There were no statistically signiﬁcant correlations between
PR index, diastolic/systolic time velocity integrals and RVMPI
of the patients (p = .285, .624), respectively.
Discussion
Advances in surgical techniques and post operative care lead
to favorable long term outcome in patients with Fallot tetral-
ogy after surgical repair,8 in developing countries’ factors like
use of palliative surgeries, late corrective surgery, intraopera-
tive and early postoperative problems lead to relatively
unfavorable outcome of those patients,9,10 most important
complications following repair of Fallot tetralogy are RV dys-
function and pulmonary regurgitation.11 Proper assessment of
PR severity and global RV functions are of great value in theTable 1 2D Echocardiographic measures of the studied
groups.
Variable Patients Controls p Value
IVS 0.69 0.57 .004
LVPW 0.51 0.54 .186
LVEDD 3.6 3.48 .143
LVESD 2.18 2.07 .314
EF 72% 70.48% .362
FS 41.33% 41.52% .915
RV 1.86 12.74 .00
AO 25.9 22.9 .00
LA 25.73 18.67 .00
LA/AO 1.16 1.23 .00
IVS interventricular septum, LVPW left ventricular posterior wall,
LVEDD left ventricular end diastolic diameter, LVESD left ven-
tricular end systolic diameter, EF ejection fraction, FS fractional
shortening, RV right ventricle, AO aorta, LA left atrium. The
values of S, E, A and RVMPI were lower in cases than controls
with statistically signiﬁcant difference (Table 2).follow ups of these patients, and to determine the need for
pulmonary sparing surgery.12 In our study there were systolic
and diastolic RV dysfunction in patients in comparison to con-
trols as manifested by statistically signiﬁcant lower S0, E0, A0
tissue velocities, this was similar to previous studies,8,13 in a
previous study14 done on adult TOF patients (mean age
21.4 ± 3.8 years) they have similar results although their pa-
tients were younger than ours at the time of surgery (mean
age 1.4 ± 0.5 SD vs 4.1 ± 1.5 SD), and had no signiﬁcant
PR, in contrast to our study, our patients had moderate to se-
vere PR (mean PR index was 66.4%), this comparison suggests
that systolic and diastolic RV dysfunction in our study was not
affected by severity of PR, nor by the older age of the patients,
but may be related to other factors, most probably intra and
early postoperative factors. In a previous study8 there was a
strong correlation between RVMPI (obtained by pulsed wave
Doppler) and PR index, this was different from our study, as
we measured the RVMPI by tissue Doppler which is more
accurate as stated by another study.6 In our study the degree
of pulmonary regurgitation measured by PR index and DSTVI
was more severe in patients with abnormal RVMPI (mean
53%, 1.014 respectively) yet it was statistically insigniﬁcant
(p =.183, 0.145 respectively), this conﬁrms that global RV
functions measured by tissue Doppler MPI are not related to
the degree of pulmonary regurgitation measured by PR index
and DSTVI, this was agreed by a previous study15 they re-
ported that such measurements are not relevant in repaired
TOF patients with disrupted pulmonary valve. Our study is
limited by the small number of the patient, and relatively short
duration of follow up of the patients.
Conclusion
Global right ventricular functions measured by tissue Doppler
RVMPI in patients after surgical repair of Fallot tetralogy is
not correlated to the degree of PR measured by two indices:
PR index and DSTVI, and hence these indices cannot give
an idea about RV global functions or diagnose preclinical
abnormalities in RV performance, a new index that can assess
severity of PR and correlate to RV functions is required.
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